Introduction Pelvic organ prolapse can significantly reduce quality of life of affected women, with many cases requiring corrective surgery. The rate of recurrence is relatively high after conventional prolapse surgery. In recent years, alloplastic meshes have increasingly been implanted to stabilize the pelvic floor, which has led to considerable improvement of anatomical results. But the potential for mesh-induced risks has led to a controversial discussion on the use of surgical meshes in urogynecology. The impact of cystocele correction and implantation of an alloplastic mesh on patientsʼ quality of life/sexuality and the long-term stability of this approach were investigated.
Introduction
Pelvic organ prolapse can significantly reduce the quality of life of affected women [1] . The most serious effect of pelvic organ prolapse is impairment of bladder and bowel function accompanied by incontinence and voiding disorders [2, 3] . General well-being, personal relationships, particularly sexuality [4] , and physical and social activities often suffer from the effects of prolapse [5, 6] . The incidence of pelvic organ prolapse in women has increased in parallel with the general increase in life expectancy, and the likelihood that women aged 80 years will require surgical intervention (e.g. hysterectomy, pelvic floor reconstruction) is 12.2 % [7] . One in nine women is affected by prolapse [8] . Up to 30 % of patients require a repeat operation for recurrence within 5 years of the original procedure [9] [10] [11] [12] . Surgical correction of prolapse should not just reposition the prolapsed pelvic organs, it should also restore the patientʼs quality of life or at least improve it. As the recurrence rate after conventional anterior colporrhaphy with autologous tissue is high [1, 13] , the aim is to improve the long-term stability of the pelvic floor through implantation of an alloplastic mesh. A Cochrane analysis of the data on alloplastic meshes in prolapse surgery showed significantly better results in terms of anatomical outcome [14] . But, particularly with 1st generation implants, a number of new adverse events occurred following the implantation of alloplastic meshes and included vaginal erosion, pain and dyspareunia [15] . These mesh-induced risks [16] have led to the benefits of alloplastic materials for patients in prolapse surgery still being controversially discussed, despite the positive data on the long-term stability reported in the Cochrane analysis. Improvements to the procedure such as lighter meshes, the improvement of dissection techniques, better apical fixation and the increased experience of surgeons has succeeded in significantly reducing the rate of complications [1] . This has also been confirmed by previously published results of the study reported on here [5, 6] . This prospective study on the implantation of an alloplastic mesh aimed to investigate anatomical outcomes and the impact on patientsʼ quality of life over a period of 36 months. The final results for quality of life, sexuality, and anatomical outcomes are now available.
Material and Method

Patients and study design
This prospective study was carried out at nine German hospitals (clinicaltrials.gov, NCT01084889). A total of 292 patients with cystocele or pelvic organ prolapse ≥ grade II (ICS [International Continence Society] classification using the Pelvic Organ Prolapse Quantification [POP-Q] system) or with grade I prolapse and symptoms requiring surgical intervention were included in the study. The study included both primary procedures and surgery for recurrence. Exclusion criteria were defined as status post pelvic radiation, status post mesh implantation in the anterior compartment, and previous systemic steroid therapy. Patients were briefed in detail about the study and were able to understand the nature, goals, benefits, results and risks of the study. The study participants had the right to revoke their consent at any time. Patient data were anonymized in accordance with the German Data Protection Act, making it impossible for third persons to identify patients. The multicenter study was only started after the study had been publicly registered in the registry of the National Institutes of Health (NIH) and the ethical votes required by the professional code were available for every participating center. The study was followed by 100 % monitoring and supervision through external auditing.
Patients were examined at 6, 12 and 36 months postoperatively. The anatomical results were assessed using the POP-Q sys- tem [17] . Patientsʼ quality of life was recorded using the Prolapse Quality-of-Life (P-QoL) questionnaire [18, 19] . In addition to the primary (erosion rate after 12 months, quality of life after six months) and secondary study objectives (adverse events at six, 12 and 36 months, quality of life at 12 and 36 months, feasibility of mesh implantation), sexual function and the anatomical results over the course of the study were also analyzed.
ZUSAMMENFASSUNG
Surgical method and mesh implant
Cystocele correction was done using a vaginal approach with implantation of a titanized polypropylene mesh (TiLOOP ® Total 6, pfm medical ag) with a pore size > 1 mm. After performing a longitudinal incision of the anterior vaginal wall with dissection of the cystocele, the 6-armed mesh was placed using a tunneler for a transobturator and ischiorectal approach and fixed distally, laterally and apically (▶ Fig. 1 ). Apical fixation was done at the sacrospinal ligament. Vaginal estrogenization and a single-dose antibiotic were prescribed and administered. Some patients also underwent additional surgical procedures, e.g. correction of the posterior compartment, hysterectomy, or placement of a suburethral sling, and the data for these procedures were also recorded.
Prolapse Quality-of-Life questionnaire to determine quality of life and sexual function
Quality of life was assessed preoperatively with the validated German version of the P-QoL questionnaire [18, 19] and at six, 12 and 36 months after surgery. The questionnaire consists of 40 questions. Topics covered include questions on the patientʼs perception of their general state of health, the impact of the prolapse, role limitations and physical limitations, questions about patientsʼ personal relationships including sexuality, emotions, sleep and other limitations. The scale ranges from zero (no limitations) to 100 (lowest quality of life). The following three questions were evaluated separately in an attempt to assess the impact of mesh implants on the patientsʼ sex life: ▪ Does the prolapse negatively affect your personal relationship? ▪ Does the prolapse negatively affect your sex life? ▪ Do you have a vaginal protrusion which makes sexual intercourse difficult?
Patients were free not to answer individual or all questions about their quality of life. For example, patients who were not sexually active when they completed the questionnaire because they did not have a partner or because of their age responded by ticking "no answer possible".
Anatomical outcome
The anatomical result was defined preoperatively and over the course of the study using the POP-Q system. This system, which is now considered the standard international classification for prolapse surgery, was published by the ICS in 1996 [17] . It assesses the location of the defective structures and quantifies the severity of the prolapse. Defined points in the anterior (Aa, Ba), apical (C, D; cervix or end of the vagina) and posterior compartment (Ap, Bp) are measured in terms of their distance to the hymenal ring. This validated system makes it possible to obtain a standardized, quantifiable and reproducible classification of the degree of pelvic organ prolapse [20] .
Clinical Event Committee
All adverse events recorded for the purposes of the study were presented to an independent external Clinical Event Committee (CEC) which assessed them using the Common Terminology Criteria for Adverse Events (CTCAE, version 0.4) [21] . The experts in the committee were selected based on their medical and scientific experience and confirmed their independence by disclosing their (financial) interests.
Statistical analysis
Statistical analysis was done using IBM SPSS, version 22. Wilcoxon test was used for the statistical analysis of the difference in patientsʼ quality of life (including sexuality) between preoperative and the postoperative time points. Chi-square test was used for subgroup analysis of recurrence, and Mann-Whitney U-test was used for subgroup analysis of erosion, POP-Q values and quality of life.
Results
Demography
Between 2010 and 2012, 289 of the 292 patients included in the study underwent surgery. Two patients revoked their consent before the operation. Intraoperative findings in one patient who was originally included in the study showed that she did not require mesh implantation. Before the 6-month follow-up one patients revoked her consent for inclusion in the study, and one patient revoked her consent between the 6-month and 12-month followup. Five patients revoked their consent between the 12-month ▶ Fig. 1 Diagram showing six-point fixation of the TiLOOP ® Total 6 mesh implant. The mesh is fixed without tension distally, laterally and apically using a transobturator und ischiorectal approach. Apical fixation was done at the sacrospinal ligament. Source: pfm medical ag. and the 36-month follow-up. Two patients died for reasons unconnected to the study. At six months, data was recorded for 280 patients, at 12 months data was recorded for 286 patients, and at 36 months data was recorded for 269 patients. ▶ Fig. 2 shows a chart of the patient population defined in accordance with the CONSORT 2010 Statement [22] .
Mean patient age was 67 ± 8 years (43-87 years), and mean BMI was 27 ± 4 kg/m 2 (17-37 kg/m 2 ). Mean number of children born to the patients was 2.3 ± 1.2 children. The demographic data of the operated patients corresponded to the mean of census data [23] or DRG (diagnosis-related groups) data from German hospitals [24] . 31.8 % (92/289) of patients had had a hysterectomy; 14.9 % (43/289) had previously been operated on for prolapse. 
Quality of life and sexuality
A significant improvement in quality of life was recorded over the course of the study (p < 0.001, Wilcoxon test, ▶ Fig. 3 ). The strongest negative effect on patients in terms of the impact of the prolapse (73.5 of 100 points), the role limitations and physical limitations (58.5 and 55.0, respectively, out of 100 points), and the limitations on personal relationships (43.8 out of 100 points) was experienced preoperatively (▶ Table 1 , Fig. 3) . A significant improvement (p < 0.001, Wilcoxon test, ▶ Table 1 ). The results are summarized in ▶ Table 1 . Sexuality and the relationship with their partner were assessed based on the evaluation of three questions of the P-QoL (Does the prolapse negatively affect your personal relationship?, Does the prolapse negatively affect your sex life?, Do you have a vaginal protrusion which makes sexual intercourse difficult?) (▶ Fig. 4) . As regards the negative impact of the prolapse on the patientʼs personal relationship, the number of affected patients dropped from 37. 
Anatomical results
The severity of prolapse was determined preoperatively and postoperatively using the POP-Q system [17] . Grade II prolapse was diagnosed preoperatively in 47.1 % (136/289) of patients; 49.8 % (144/289) of patients had grade III prolapse, and 3.1 % (9/289) of patients had grade IV prolapse. After 36 months 21.8 % (55/252) of patients had no prolapse (grade 0); 62.7 % (158/252) had grade I prolapse; grade II prolapse was diagnosed in 15.1 % (38/252) of patients, and 0.4 % (1/252) had grade IV prolapse (▶ Fig. 5) .
Of the patients who had surgery of the anterior compartment, 2.4 % (7/286) had recurrence after 12 months and a further 1.9 % ▶ Table 1 Quality of life before and after implantation of an alloplastic mesh based on the validated P-QoL questionnaire [19] . The higher the recorded figure, the lower the quality of life. Mean values and standard deviation (SD) were calculated for the preoperative period, and at 6, 12 and 36 months after implantation. 
Preoperatively
Adverse events
Adverse events were documented at every time point during the course of the study. The recorded adverse events were assessed by an independent CEC using the CTCAE codes. As described in previous publications, intraoperative and perioperative complications were rare [5, 6] : bladder lesions occurred in 1.7 % (5/289) of cases, and ureteral injury or bleeding requiring transfusion was reported in 0.3 % (1/289) of cases, respectively. Urinary tract infection or infected hematoma were diagnosed in 0.3 % (1/289) of cases, respectively, after discharge from hospital. In both cases the infection was treated conservatively. 0.3 % (1/289) of patients experienced positional pain.
Twenty-two adverse events were recorded in 21 patients between the follow-up at 12 months and the follow-up at 36 months, although none of the events could be definitively associated with the mesh implant. However, 8 of the reported events were definitively linked to the surgical method: one patient suffered from pain in the area of the mesh and 7 patients had mesh erosion (first reports). The mesh implant of the patient experiencing pain was mobilized during an outpatient procedure, three patients with erosion were treated in an outpatient setting under local anesthesia, and no treatment was indicated in four patients with erosion. Patients who underwent hysterectomy concomitantly with cystocele correction had a 2.25-fold higher risk of developing erosion. Other recorded complications included urinary tract infection (n = 1), hematuria (n = 1), thrombosis and hernia (n = 1), fecal incontinence (n = 2), urinary incontinence (n = 3), pain (n = 4) and recurrence in the operated compartment (n = 5, cf. "Anatomical results").
The previously published study data showed that at follow-up after 12 months 10.5 % (30/286) of patients presented with erosion as measured against the primary study objective [5, 6] . In 56.7 % (17/30) of these erosions, medication or an outpatient procedure performed under local anesthesia were sufficient. 43.3 % (13/30) of cases with erosion required surgical intervention under general anesthesia, although none of the patients required explantation of the mesh. 46.7 % (14/30) of all erosions were described as asymptomatic.
Discussion
This long-term, prospective, multicenter study with 289 patients investigated the impact of implanting an alloplastic mesh for cystocele correction on patientsʼ quality of life and sexuality and the anatomical outcome. Well-known risks for all methods used for pelvic floor reconstruction include chronic pain, dyspareunia and recurrent prolapse [1, 14, 25] . These factors can significantly reduce the quality of life of affected patients even after surgery. Moreover, it was suspected that 1st generation alloplastic implants used since the early 2000s had a negative impact on patientsʼ quality of life, particularly on their sex life [16] . The continuous improvements in mesh implants and the increased experience of surgeons has led to a reduction in mesh-induced side-effects [1] .
According to current census and DRG data, the patient population of this study reflected a typical patient group [23, 24] . These results therefore are an interesting contribution to the treatment of pelvic floor prolapse in a group of patients who are typically most affected by prolapse.
The patient survey about their quality of life showed a significant improvement for all investigated areas over the course of the study. Patients already had a significantly lower impairment of their quality of life at six months after surgery. At 12 and 36 months after the procedure, the quality of life of the surveyed study participants had improved even more, and the difference to the preoperative figures remained significant. Further studies have also confirmed that mesh-based correction of pelvic organ prolapse can significantly improve patientsʼ quality of life, despite mesh-associated side-effects [26] [27] [28] [29] [30] [31] .
The evaluation of the questions on sexuality in the P-QoL questionnaire showed a significant improvement in sexual function after cystocele correction. Sexual function of patients with dyspareunia was severely affected preoperatively. The average rate for dyspareunia reported in the literature is 12 % [31] . In our study, 15.6 % of women had dyspareunia before undergoing surgery. After 6 and 12 months, 2.5 and 2.4 % of patients, respectively, had dyspareunia [5, 6] ; after 36 months only 1.9 % of patients still suffered from dyspareunia. At follow-up after 36 months, de novo dyspareunia was only reported in 4.5 % (12/266) of cases. However, it should be noted that the majority of patients reported that they were not sexually active. This could be due to advanced age, co-morbidities or lack of interest. Both the patients and their partners need to be considered here. The reports in the literature on sexual function after (mesh-based) surgery of the pelvic floor are inconsistent [15, 32, 33] , and further research into dyspareunia after different surgical procedures is urgently required.
Patients benefited from a highly significant improvement of their quality of life in all areas and the procedure-related risks are acceptable. The good anatomical results reported in this study can be explained by the lateral and apical adjustable fixation of the mesh implant in the middle compartment. In a retrospective cohort study, Yang and colleagues compared transobturator mesh implants (multipoint fixation) with a single incision procedure. The rate of recurrence at two years after surgery was the same for both methods. Mesh erosion was less common for the single incision method, but the rate of postoperative stress incontinence was lower with the transobturator fixation method [34] . There are few comparative studies, and further studies to differentiate between the results for the available mesh implantation methods are necessary. The results of our study confirm the low rate of recurrence after implantation of an alloplastic mesh for cystocele repair described in the AWMF guidelines compared to conventional anterior colporrhaphy, which has a recurrence rate of up to 30 % [1, 25] . In contrast, the recently published PROSPECT study found no benefit for mesh-based procedures compared to conventional methods [26] . They found no significant differences with regard to undesirable events, rates of dyspareunia and recurrence, and the number of repeat operations. However, the authors reported that a repeat operation for mesh-induced complications was necessary in 9 % of women [26] . It should be noted that 75 % of patients with erosion which required surgical removal of the visible aspect were asymptomatic. In our study, most erosions occurred in the period up to 12 months after surgery. An erosion relevant for the objective of the study was reported in 10.5 % (30/286) of patients. Erosions were only found in 2.6 % (7/ 269) of patients in the period between 12 and 36 months postoperatively. These results confirmed the early occurrence of erosion reported in the literature [35] . Patients who underwent hysterectomy concomitantly with cystocele correction had a 2.25-fold higher risk of developing erosion. This observation accords with the reports given in the literature [35] [36] [37] [38] [39] . It has been assumed that this is due to the larger wound area [37] . This study has also shown that previous or concomitantly performed hysterectomy increases the risk of rectocele almost threefold. It is known from the literature that hysterectomy increases the incidence of reoperation [40] . These associations require further observation and analysis to improve the assessment of therapy options in individual cases.
Twenty-two adverse events were reported between the followup at 12 months and the follow-up at 36 months. None of these were previously unknown events. The patient survey on quality of life showed that there was only limited improvement after 12 months. This indicates that future studies could be designed with shorter observation periods. Study results could then be applied earlier to improve the treatment options of affected patients. However, data on the long-term impact of alloplastic implants are lacking, and longer observation periods are therefore still necessary.
The choice of the appropriate surgical procedure to treat pelvic organ prolapse should be made after careful urogynecological examination and in accordance with the current guidelines [1, 25, 41] . Patients should additionally receive a detailed individual briefing about the different surgical procedures available with and without implantation of an alloplastic mesh, the different surgical approaches, and the respective benefits and drawbacks. It is important that the surgeon also considers his own surgical expertise when advising the patient.
The study design was limited to an examination of a single group of patients. An examination of the results and a comparison with other methods is only possible using the current literature. Moreover, the patient survey based on questions about their sexuality is limited as the statements were obtained from the P-QoL survey. An additional questionnaire for the evaluation of sexual function is planned for future studies.
Conclusion
This prospective multicenter examination into the use of a titanized mesh with distal, lateral and apical fixation found that the anatomical results were very stable and the rate of recurrence was very low (4.5 %) for the operated anterior compartment. It was significantly lower than for conventional anterior plasty operations [1] . In terms of quality of life, highly significant improvements were recorded for all areas, including the much discussed area of personal relationships and sexuality. As with every surgical procedure, mesh-based pelvic floor reconstruction has its specific risks. These risks are acceptable if the surgeon is sufficiently experienced. The procedure can therefore be offered to patients when advising them about possible surgical options; it is suitable both to treat recurrence and in a primary setting for patients with high-grade prolapse who require long-term pelvic floor stability [25, 41] .
